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SOLID CAGE FUEL CELL STACK 

5 

FIELD OF THE INVENTION 

This invention relates generally to electrochemical fuel cell 
10 stacks and, more particularly, to proton-exchange-membrane ("PEM") 
fuel cell stacks. 

BACKGROUND OF THE INVENTION 

s yf 

|S Electrochemical fuel cells convert fuel and an oxidant to 

electricity and a reaction product. In electrochemical fuel cells 

f :C employing hydrogen as the fuel and oxygen as the oxidant, the 
in 

i[l reaction product is water. Solid polymer fuel cells generally 

20 include a membrane electrode assembly ("MEA") layer comprising a 

]Z solid polymer electrolyte or ion exchange membrane disposed between 

13 two electrode layers. The electrode layers typically comprise 

]Z porous, electrically conductive sheet material and an 

H electrocatalyst at each membrane-electrode interface to promote the 

25 desired electrochemical reaction. 

At the anode, the fuel (typically hydrogen) moves through the 
porous electrode material and is oxidized at the anode 
electrocatalyst to form cations, which migrate through the membrane 
30 to the cathode. At the cathode, the oxidizing gas (typically 
oxygen contained in air) moves through the porous electrode 
material and is reduced by reaction with the cations at the cathode 
electrocatalyst to form the reaction product (water) . 

35 In conventional fuel cells, the MEA layer is interposed 

between two substantially fluid-impermeable, electrically- 
conductive plates, commonly referred to as separator plates. The 
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separator plates serve as current conductors; provide structural 
support for the electrode layers; typically provide means for 
directing the fuel and oxidant to the anode and cathode layers, 
respectively; and typically provide means for exhausting products, 
5 such as water, formed during operation of the fuel cell. Separator 
plates having reactant channels, that is, channels for the fuel or 
oxidizing gas, are sometimes referred to as fluid flow field 
plates . 

10 Typically, the reaction product water migrates through the MEA 

layer to the adjoining reactant channels and is carried from the 
fuel cell by the fuel gas and oxidizing gas. Typical MEA layers 
work most effectively if they are humidified with water. Despite 
jSa% the production of the reaction product water and its migration 
150 through the MEA layer, providing dry fuel gas and oxidizing gas to 
I'Ji the fuel cell tends to dehydrate portions of the MEA layer, 
""'4 reducing their efficiency. The portions of the MEA layer that are 
jn susceptible to dehydration are those with which the fuel gas and 
oxidizing gas come into contact before the fuel gas and oxidizing 
2QN gas have picked up appreciable reactant water, that is, at the 
upstream ends of the fuel-gas and oxidizing-gas channels. To 
rjg overcome the problem of dehydration of the MEA layer, the fuel gas 
\J and oxidizing gas are typically humidified, that is, water vapour 
is added to the fuel gas and oxidizing gas. 

25 

Fuel cell stacks are well known, comprising an aligned 
assembly of fuel cells connected together electrically in series to 
obtain desired voltage and power output. An early example of a 
fuel cell stack is illustrated in Maru U.S. Patent No. 4,444,851 
30 granted 24 April 1984; a later example is illustrated in Washington 
U.S. Patent No. 5,514,487 granted 7 May 1996. 

The fuel cell reaction is exothermic and fuel cell stacks 
typically have cooling means associated with them, such as plates 
35 interposed between the fuel cells having cooling passages for 
circulating a coolant fluid so as to absorb and carry away heat. 
Typically, in any such fuel cell stack, one side of a given fluid 
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flow field plate (separator plate) provides means (typically fuel- 
gas channels) for directing the fuel to the anode layer of one 
cell, and the other side of the plate provides means (typically 
oxidizing-gas channels) for directing the oxidizing gas to the 
5 cathode layer of the adjacent cell, and so on seriatim . As well, 
separator plates may also have channels for a coolant fluid on one 
side and channels for either fuel gas or oxidizing gas on the other 
side. Such plates, that is, plates having channels on each side, 
are sometimes referred to as bipolar plates . 

10 

With current MEA technology, the greatest power density is 

achieved with fuel gas and oxidant gas both compressed to roughly 

3 bar, roughly 44 pounds per square inch, and this is the sort of 

^ pressures at which most known PEM fuel cell stacks are designed to 

150 function. 
(0 

'NS Typically, for a fuel cell stack to operate properly the fuel 

s|=3 

jn cell stack assembly must, in general terms, include: means for 

containing the fuel cell stack; means for providing fuel gas and 

2Qg oxidizing gas to the reactant channels and for conducting reaction 

s i; product, fuel gas and oxidizing gas from the reactant channels; and 
13 

IQ means for cooling the fuel cell stack. 

i ^ 

!=« 

The means for containing a fuel cell stack typically must both 
25 compress and align the fuel cell stack. The fuel cell stacks must 
be compressed so as to press the individual fuel cell components 
and the fuel cells together in order to prevent leaks from between 
the plates and to provide good electrical contact between the 
components. Proper alignment of the plates aids in preventing 
30 leaks from between the plates, particularly in the case of fuel 
cell stacks having internal manifolds. In use, the vertical 
dimension of the fuel cell stack tends to fluctuate due to: 
temperature changes (the fuel cell stack generates heat and expands 
during operation, and cools and contracts after use) ; and 
35 absorption of water and resulting expansion of the proton exchange 
membrane of the MEA layer. Typically the means for containing fuel 
cell stacks include means for compensating for this size 
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fluctuation, such as compression springs. 



Various means for containing fuel cell stacks are known. For 
example, many known fuel cell stack assemblies use conventional rod 
5 and plate configurations that comprise two end plates between which 
the fuel cells are sandwiched. The end plates are larger than the 
fuel cells and have holes spaced about their peripheries. Rods 
having threaded ends are inserted in the holes so as to run through 
a hole in each end plate. Nuts, threaded onto each end of the rods 
10 and tightened down, provide the compressive force. Coil springs 
and washers, placed between the nuts and one of the end plates, 
permit the end plate to move relative to the rods to compensate for 
expansion and contraction of the fuel cells. With typical PEM fuel 
jK% cells operating with fuel gas and oxidant gas at pressures of 
150 roughly 4 4 pounds per square inch, the components of the 
containment must be very heavy and robust. Such conventional rod 
and plate containment means typically rely on the compression of 
Err the fuel cell stack and the resulting friction between fuel cell 
components to maintain the required rigidity of the fuel cell stack 

s 

2(H assembly and the required alignment of the fuel cell components. 

jg In all previous PEM fuel cell stack designs, the means for 

P providing fuel gas and oxidizing gas to the reactant channels and 
for conducting reaction product, fuel gas and oxidizing gas from 

25 the reactant channels can be generally divided into two categories: 
those internal manifolds and external manifolds/plena. Internal 
manifolds have been almost universally used in preference to 
external plena or manifolds for proton exchange membrane (PEM) fuel 
cell stacks. In part this is because hydrogen, which has the 

30 smallest atomic structure of all elements and thus is difficult to 
contain, and which is used at relatively high pressures, can 
generally be more effectively contained by internal manifolds than 
by external plena. In internal-manifold fuel cell stacks, the 
hydrogen is typically provided to the stack via conventional tubing 

35 attached to internal manifold ports in the top or bottom end plate. 

In external-plena PEM fuel cell stacks, the joints between the 
plena and the fuel cell stack containment means, and the joint 
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between the containment means and the fuel cell stack itself, must 
be somehow sealed so as to contain the hydrogen, which can be 
difficult . 

5 In internal-manifold fuel cell stacks, each plate and MEA 

layer of the fuel cell stack has holes that align with 
corresponding holes in the other components to form internal 
manifolds, extending from the top end to the bottom end of the 
stack. Typically, a pair of internal manifolds is provided for 
10 each of the fuel gas, oxidizing gas and a cooling fluid. The 
relevant channels in the plates have ports opening to the relevant 
' internal manifolds, so that, for example, in use oxidant gas enters 
an oxidant-gas internal manifold at the top or bottom end of the 
fuel cell stack and flows through the oxidant gas channels to the 
150 other oxidant-gas internal manifold so as to exit the fuel gas 
stack. The paths of the fuel gas and oxidant gas through the fuel 
% sJ cell stack are typically tortuous, which resists the flow of these 
i"pi gases. The fuel gas (typically hydrogen) is generally supplied 

> T 3 

~'H from a pressure vessel containing the fuel gas at a pressure 
2(H regulated to be suitable for use in the fuel cell stack. The 

*-?J oxidant gas, on the other hand, is typically air drawn from the 

O 

m surrounding atmosphere and must be compressed to the desxred 
[3 pressure with some form of pump or compressor. Such air pumps are 
heavy, costly and typically use about fifteen percent of the power 
25 produced by the fuel cell stack to compress the air. 

In external-manifolds/plena fuel cell stacks, the various 
channels have opening ports at the edges of the respective plates 
and the fuel gas, oxidizing gas and cooling fluid are provided 
30 from the sides of the fuel cell stack. Washington et al., US 
5,514,487, issued 7 May 1996, discloses an example of an external 
(or "edge") manifold fuel cell stack. 

In conventional external-plena fuel cell stacks, a plenum is 
35 typically attached to each of the four sides of the fuel cell 
stack. Typically, the cooling fluid is also air; and one pair of 
opposed plena is used to provide fuel gas to one side of the fuel 
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cell stack and exhaust it from an opposite second side, and one 
pair of opposed plena is used to provide air (for use as an 
oxidizing gas and a cooling gas) to a third side of the fuel cell 
stack and exhaust it from an opposite fourth side. In some such 
5 conventional external-plena fuel cell stacks some portion of the 
dual-function air thus provided passes through narrow oxidant 
channels and a much larger portion, typically five to ten times 
larger, passes through wider cooling channels. In many such 
conventional external-plena fuel cell stacks only one set of air 
10 channels is used to both provide oxidant to the MEA layer and to 
cool the fuel cell stack. One problem with both of these dual- 
function-air configurations is that, for optimum fuel cell 
efficiency, all of the dual-function air must be humidified so that 
*« the small portion of the air that contacts the MEA layer, does not 
150 dehydrate the MEA layer. Although the water can be recovered from 
G the air exhausted from such fuel cell stacks, the large volume of 
^ the dual-function air makes this inefficient and typically such 
Iff fuel cell, stacks contain a water reservoir to which water must be 
: ^ added from time to time to replace the water carried away be the 

E 

exhausted dual-function air. 

s 1*1 

O 

10 Another problem with fuel cell stacks using combined cooling 

•*f and oxidant air relates to the need to filter the air. Typically, 
the oxidant air must be substantially free of dust and other 

25 particulate matter that might contaminate the MEA layer or block 
the oxidant channel, whereas, with separate oxidant channels and 
cooling air channels, the cooling air, which passes through the 
larger cooling air channels, can contain some particulate matter 
without fear of contaminating the MEA layer or that the cooling air 

30 channels will become blocked. However, with such fuel cell stacks 
using dual-function air, the combined cooling and oxidant air is 
typically passed through a filter or series of filters to remove 
the particulate matter to the standard required for the oxidant 
air, which involves much higher volume filters than would otherwise 

35 be required. 

Another problem with fuel cell stacks using combined cooling 
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and oxidant air relates to the balancing of the different flow rate 
requirements for the cooling air and the oxidant air. The oxidant 
air flow rate and humidif ication should be such as to provide an 
adequate supply of oxygen to the MEA layer while preventing 
5 dehydration due to too high a flow rate, and on the other hand 
preventing flooding, and consequent blockage of the oxidant air 
channels, due to too low a flow rate. The flow rate in the cooling 
air channels must be much larger than that in the oxidant air 
channels so as to carry sufficient heat from the fuel cell stack. 
10 The flow rates of the cooling air and the oxidant air are typically 
balanced by the sizing of the respective channels, which solution 
typically requires an air supply device capable of providing a 
relatively large volume of air at a relatively high pressure. 

15- External plena are not easily adapted for use with 

conventional means for containing fuel cell stacks where the top 
^ and bottom end plates move relative to each other due to the 

rj 
• r~ 

jf! fluctuations in the vertical dimension of the fuel cell stack. One 

■ i.. 5 

™ solution to this problem is disclosed in Dong (WO 99/57781), 

2@3 publication date 11 November 1999, wherein the fuel cell stack 

jf: assembly includes top and bottom end plates fixed relative to each 

m other, and the fuel cell stack includes a distributed spring array, 

]=* consisting of corrugated plates interposed between the fuel cells, 

is ™ z 

that exert a compressive force and compensate for expansion and 
25 contraction of the fuel cell stack. The corrugated plates also act 
as channels for the coolant fluid (air) which flows from one side 
of the fuel cell stack to the opposite side. The sides of the fuel 
cell stack not involved in providing or exhausting coolant fluid 
are vertically divided by a separator bar so that fuel gas and 
30 oxidizing gas can be separately provided and exhausted from these 
sides of the fuel cell stack by means of divided external plena. 
This design provides a rigid frame to which the plena may be 
attached, but does not of itself overcome the other difficulties 
associated with providing hydrogen to a fuel cell stack via 
35 external plena. 

Fuel cell design for conventional PEM fuel cells and stacks 
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has been largely influenced by the objective of using such fuel 
cell stacks for automotive transportation. Comparatively little 
attention has been paid to the design of smaller portable fuel 
cells for low-power use, such as for powering scooters, bicycles, 
camping equipment, etc., where light weight, small size, 
convenience of portability, durability in the face of rough service 
and a generally minimalist design approach consistent with low 
manufacturing cost are objectives. 

SUMMARY OF THE INVENTION 

Although a fuel cell stack can be oriented in any direction 
including on its side, for clarity in this specification and in the 
claims, the fuel cell stack is described as if it has a top and a 
bottom, and the description accordingly includes a discussion of 
horizontal and vertical orientation. The reader will recognize 
that these terms are relative, and that once the interrelationship 
of the component elements is understood, the orientation of the 
fuel cell stack within a given vehicle, engine, device, etc. is the 
designer's choice, and that in use, the orientation may vary. 

In one aspect, the invention comprises a structurally-stable 
adequately strong cage for containing a stack of fuel cells between 
a bottom end plate and a top pressure plate. Each fuel cell 
within the stack is generally horizontally disposed, so the stack 
of fuel cells itself is generally vertically disposed and 
constrained between the top pressure plate and bottom end plate. 
The cage preferably comprises four struts arranged at the corners 
of the fuel cell stack, which typically is arranged within the cage 
in a generally rectangular parallelepiped configuration. Although 
the four-strut rectangular parallelepiped configuration is 
considered to be preferred for a number of reasons to be elaborated 
below, alternative cages could be designed with a different 
configuration and a different number of struts. For example the 
fuel cell stack could be cylindrical and the bottom end plate and 
top pressure plate could be circular. Such cylindrical cage could 
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have struts on the outside, a central strut, or both. 

In a rectangular parallelepiped configuration, each strut is 
fixed at its upper end to a corner of a top end plate and at its 
5 lower end to a corresponding corner of a bottom end plate. 
Underneath the top plate is the top pressure plate. A separate 
bottom pressure plate may be included immediately above the bottom 
end plate, but more typically the bottom end plate also serves as 
a bottom pressure plate. 

10 

The top pressure plate is spaced downwardly from the top end 
plate. An array of horizontally-spaced jack screws or other 
suitable means for effecting a displacement of the top pressure 
12 plate in a generally vertical direction relative to the cage frame, 
1?M for example an expansion structure such as an inflating cushion or 
%I expansion pad (such as a heat sensitive expansion pad) , disposed 
J| between the top end plate and the top pressure plate, is provided 
|Jl so as to apply a compressive force to the fuel cell stack between 
^ the top pressure plate and the bottom end plate. Preferably, 
2CPJ springs, or other suitable means for permitting the top pressure 
]L! plate to move vertically to accommodate thermal and hydro expansion 
iB and contraction of the fuel cell stack, are interposed between the 
r: jack screws and the top pressure plate. When the cage is 
assembled, the jack screws, whose longitudinal axis is preferably 
25 generally vertical, are screwed downwardly to force the top 
pressure plate downwards relative to the top end plate and against 
the resistance of any springs interposed between the jack screws 
and the pressure plate, thereby placing the pressure plate, and 
consequently the fuel cell stack thereunder, under compressive 
30 force, the magnitude of which force can be varied by varying the 
extent of downward displacement of the pressure plate. 

The fuel cell stack is thus constrained in the vertical 
dimension between the top and the bottom pressure plates, and in 
35 the horizontal dimension between the struts. To meet this latter 
objective, the struts are preferably L-shaped in cross-section so 
that the corners of the generally rectangular horizontally disposed 
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fuel cells in the stack are engaged by the struts. Other 
configurations of the struts and fuel cells could be devised for 
suitable mating and constraining engagement, but the engagement of 
the corners of rectangular fuel cells by L-shaped struts is simple 
5 and inexpensive. Preferably, strut liners are interposed between 
the L-shaped struts and the fuel cell stack corners so as to 
isolate the fuel cell stack from shock and vibration experienced by 
the cage; to electrically isolate the fuel cell stack from the L- 
shaped struts; and to impede the passage of fluids between the fuel 
10 cell stack and the L-shaped struts. Such strut liners may not be 
needed if the struts themselves are made from an electrical- 
insulating, shock-resistant material that will act to impede the 
passage of fluids between the fuel cell stack and the struts. 

lfff To facilitate the attachment of the end plates to the struts, 

•*J the struts are preferably provided at their ends with strut braces 
J2 or are otherwise formed with relatively massive ends that are bored 
In and threaded to form a threaded socket for receiving a mating 
"""" attachment bolt. The end plates in this preferred embodiment of 
2Q3 the invention are provided with holes at their corners through 
which the bolts may pass, so that the bolts may secure the end 
plates to the struts. Depending upon the shaping of the end 
portions of the struts, the pressure plates may be provided with 
mating indentations that engage these strut end portions, thereby 
25 constraining the pressure plates against horizontal displacement 
relative to the stack. Alternatively, the struts may be provided 
at their ends with feet having holes and the end plates may have 
threaded receptacles at their corners for receiving a mated foot 
bolt, such that an end plate can be disposed between the feet and 
30 the fuel cell stack, so that the foot bolts may secure the feet to 
the end plate. 



A cage design of the foregoing sort is capable of providing 
reliable structural integrity and substantial rigidity of the fuel 
35 cell stack assembly. This cage design also separates the function 
of maintenance of alignment of the fuel cell components from the 
function of compression of the fuel cell stack, permitting reliable 
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alignment and compression control, especially as compared to 
conventional fuel cell stack containment means of the rod-and-plate 
type mentioned above. In the preferred embodiment of the present 
invention, as the cage is rigid and the L-shaped struts maintain 
5 the alignment of the fuel cell components, the compressive force to 
be exerted on the fuel cell stack can be determined solely on the 
basis of the need to maintain proper electrical contact and prevent 
leaks from between the fuel cell stack components. 

10 The foregoing cage design also lends itself to convenient 

provision and exhaust of fuel gas, oxidant gas and cooling fluid. 
The compression and alignment control provided by the cage design 
facilitates the use of internal manifolds, while the rigid frame 
q facilitates the attachment and sealing of external plena. Thus, 
lftf the foregoing cage design enables the provision of fuel gas to the 
fuel cells via internal manifolds, which is desirable, particularly 
"z with hydrogen which is difficult to contain otherwise; and permits 
ffi cooling fluid and oxidant gas to be provided to the sides of the 
~ fuel cell stack, which is desirable, particularly with fuel cell 
2C0 stacks using air for both the cooling fluid and oxidant gas, as the 
™ air is typically at a relatively lower pressure and can be 
(S adequately contained in simple and inexpensive plena and ducting. 

Further, the provision of fuel gas by internal manifolds, and 
25 the provision of cooling air and oxidant air by external plena; and 
the four-sided shape of the fuel cell stack, facilitate the 
separation of the cooling air and oxidant air streams. The cooling 
air can enter the fuel cell stack at a first side and exit at a 
second side, and the oxidant air can enter at a third side and exit 
30 at a fourth side. As compared to fuel cell stacks using dual 
function cooling/oxidant air, the separation of the cooling air and 
oxidant air streams: (i) reduces the volume of air to be 
humidified, and thus simplifies the dehydration of the exhausted 
oxidant air, so as to make it easier to make the fuel cell stack 
35 self sustaining with respect to water; (ii) reduces the volume of 
air to be filtered to the standard required for the oxidant air, to 
as little as a tenth of that in fuel cell stacks using dual- 
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function air, permitting smaller, less-expensive filters, or less 
frequent filter cleaning or changing; and (iii) removes the need to 
size the cooling air channels and oxidant air channels so as to 
balance the flow rates as between them. 

5 

Preferably, the first and second sides of the fuel cell stack 
are opposite each other and the third and fourth sides of the fuel 
cell stack are opposite each other such that the general direction 
of flow of the oxidant gas is substantially perpendicular to the 
10 general direction of flow of the cooling fluid. This cross-flow 
configuration permits the flow resistance of the cooling air 
channels and oxidant air channels to be adjusted by altering the 
horizontal dimensions of the fuel cell stack and thus the length of 
13 the respective channels. Typically, it is preferable for the 
1,2= oxidant-air channels to be longer than the cooling air channels. 

This can be easily achieved by making the fuel cells and associated 
™ cooling plates rectangular, with one pair of edges longer than the 
in other pair of edges, with the cooling air channels open to the 
wider sides of the fuel cell stack and the oxidant air channel open 
2SJ to the narrower sides of the fuel cell stack. The oxidant air 
^ channels and cooling air channels can be configured so as to 
?B provide less resistance to flow than many known flow fields which 
|^ have tortuous paths due to the constraints of the relevant fuel 
cell stack configurations. Linear channels, that is, channels that 
25 are straight from one side of the fuel cell stack to the other, 
provide minimal flow resistance as they tend to promote laminar 
flow in the oxidant and cooling air. However, some turbulence is 
desirable to promote mixing, so as to avoid regions of low oxygen 
in the oxidant air and so as to facilitate heat transfer in the 
30 cooling air. Therefore the preferred oxidant air channels and 
cooling air channels are not straight, but rather typically have 
means for inducing some turbulence, such as bends in the channels. 
As the channels could be straight, they need only have sufficient 
bends, or other turbulence causing features, to cause the desired 
35 mixing. This means the channels can be designed for minimal flow 
resistance, which allows low-cost blowers and fans to be used to 
provide air to such fuel cells stacks. 
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For larger stacks, liquid cooling could conceivably be 
substituted for air cooling, although the present invention is 
intended to be inexpensively implemented, and air cooling is 

5 simpler and less expensive to provide. The cooling fluid passes 
through the channels from side to side of each cooling plate so as 
to conduct heat from the fuel stack. The cooling plates may be 
arranged so that between successive fuel cells in the stack, a 
cooling plate is interposed. Or fewer cooling plates could be used 
10 for very small, very low-power fuel cell stacks. Or each fuel cell 
could be designed to provide therein cooling passages, eliminating 
the need for separate cooling plates altogether. It is also 
possible to have only a single plate between each MEA layer, being 

p a bipolar plate having fuel gas channels on one side; oxidant gas 
channels on the other side; and cooling fluid channels within the 

G plate. 

jjf| Other advantages and structural options and alternatives will 

" 4 become apparent from a reading of the following detailed 
2jQ|J description. 

in 

ili 

H BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 is an isometric view showing an embodiment of the solid 
cage fuel cell stack of the present invention. 

Figure 2 is a cutaway isometric view showing an embodiment of the 
solid cage fuel cell stack of the present invention. 

30 

Figure 3 is an exploded isometric view showing an embodiment of the 
solid cage fuel cell stack of the present invention. 

Figure 4 is an isometric view showing an embodiment of the strut of 
35 the solid cage fuel cell stack having a foot fuel opening. 

Figure 5 is an isometric view showing an embodiment of the strut of 
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the solid cage fuel cell stack not having a foot fuel opening. 

Figure 6 is an isometric view showing an embodiment of the top end 
plate of the solid cage fuel cell stack. 

Figure 7 is an isometric view showing an embodiment of the pressure 
plate of the solid cage fuel cell stack. 

Figure 8 is an isometric view showing an embodiment of the bottom 
end plate of the solid cage fuel cell stack, which also serves as 
a bottom pressure plate. 

Figure 9 is an isometric view showing the fuel gas channels of an 
embodiment of a fuel-gas plate. 

Figure 10 is an isometric view showing an embodiment of a MEA layer 
having two MEA layer internal-manifold holes. 

Figure 11 is an isometric view showing the oxidant-air channels of 
an embodiment of an oxidant-air plate. 

Figure 12 is an isometric view showing the cooling-air channels of 
an embodiment of a cooling-air plate. 

Figure 13 is an isometric view of an embodiment of a current 
collector plate having a side-projecting terminal. 

Figure 14 is an isometric view of an embodiment of a current 
collector plate having a perpendicularly-projecting terminal. 

Figure 15 is an isometric view of an embodiment of the solid cage 
fuel cell stack, having plena attached. 

Figure 16 is an isometric partial-cutaway view of an embodiment of 
the solid cage fuel cell stack, having plena attached. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

Referring to the drawings, a preferred embodiment of the solid 
cage fuel cell stack 20 is shown in perspective view in Fig. 1, in 
5 cut-away perspective view in Fig. 2 and in exploded view in Fig. 3. 
The solid" cage fuel cell stack 20 comprises a rigid rectangular 
parallelepiped cage 22 containing a rectangular parallelepiped fuel 
cell stack 24. 

10 In the embodiment shown in the drawings, the cage 22 comprises 

a top end plate 26, a pressure plate 28, a bottom end plate 30 and 
four struts 32. As shown in Figs. 1 and 2, each of the struts 32 
is attached to a corner of the top end plate 26 and a corner of the 
O bottom end plate 30 so as to fix the top and bottom end plates 26,30 
lJS in a spaced parallel relationship. Other cage embodiments are 
N possible, including two-strut configurations (not shown) wherein 
£ each strut has two end brackets, each bracket for attaching to an 
in associated end plates, the brackets being connected one to the other 
8 " by two longitudinal members, the members being separated from each 
2® other by the width of the fuel cell stack such that the members are 
proximate to the corners of the fuel cell when the brackets are 
^5 attached to the end plates. Further, the struts may be integral to 
|T plena (not shown) attached to the top end plate 26 and bottom end 
plate 30. 

25 

The fuel cell stack 24 is positioned between the bottom end 
plate 30 and the pressure plate 28. The fuel cell stack 24 can be 
compressed between the bottom end plate 30 and the pressure plate 
by means of the jack screws 34. The jack screws 34 are screwed into 

30 threaded jack-screw holes 36 in the top end plate 26. The jack 
screws 34 project into the space between the top end plate 26 and 
the pressure plate 28. Typically, a spring is positioned between 
each jack screw 34 and the pressure plate 28, to compensate for 
vertical expansion and contraction of the fuel cell stack 24. In 

35 the embodiment shown in Fig. 2, dish springs 38 are shown, but other 
springs such as coil springs can be used. The fuel cell stack 24 
can be compressed between the pressure plate 28 and the bottom end 
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plate 30 by screwing the jack screws 34 into the jack-screw holes 
36. 



Each strut 32^ is L-shaped, having two longitudinally-extending 
strut f lange^^O^resenting inward-facing strut faces 42 that are 
substantially normal to each other. Where they meet, the strut 
faces 42 form longitudinally-extending, right-angle corners. The 
strut faces 42 are lined with non-conductive strut liners 46 (Fig. 
2) . The strut liners 46 may be rubber, plastic or any other 
suitable material. The vertical edge corners of the fuel cell stack 
24 fit within the strut corners^) and typically abut the strut 
liners 40. The strut liners 46 act to: electrically insulate the 
fuel cell stack 24 from the cage 22; protect the fuel cell stack 24 
from physical shock; and seal the space between the strut faces 42 
and the fuel cell stack 24 so as to prevent the passage of air 
therebetween. It will be clear that the cage 22 must be made to 
tolerances sufficient to properly contain the fuel cell stack 24 
components . 



The top end of each strut 32 includes means for attaching the 
strut 32 to the top end plate 26. In the embodiment shown in the 
drawings, the means for attaching the struts 32 to the top end plate 
26 comprises: a strut brace 48 at the top end of each strut 32, 
being relatively massive ends having a longitudinally-extending 
threaded strut socket 50; a brace bolt hole 52 proximate to each 
corner of the top end plate 26 (Fig. 6); and four brace bolts 54. 
The brace bolts 54 are inserted through the brace bolt holes 52 and 
screwed into the strut sockets 50, to attach the struts 32 to the 
top end plates 26. As shown in Fig. 7, the corners of the pressure 
plate 28 have rounded notches 55 so as fit between the strut braces 
48. 



The bottom end of each strut 32 includes means for attaching 
the strut 32 to the bottom end plate 30. In the embodiment shown 
in the drawings, the means for attaching the struts 32 to the bottom 
end plate 30 comprises: a strut foot 56 extending perpendicularly 
from the bottom end of each strut 32 and having a foot bolt hole 58; 
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a threaded foot bolt socket 60 proximate to each corner of the 
bottom end plate 30; and a foot bolt 62. To attach a strut 32 to 
the bottom end plate 30, the strut foot 56 is positioned on the 
underside of the bottom end plate 30, and a foot bolt 62 is inserted 
5 through the foot bolt hole 58 and screwed into the foot bolt socket 
60. As shown in Fig. 8, the bottom end plate 30 has stepped notches 
66 sized and shaped to accommodate the struts 32 

Two of the struts 32 have foot fuel openings 64 through which 
10 fuel flows to and from the fuel cell stack 24 during operation of 
the solid cage fuel cell stack 20. In the embodiment shown in the 
drawings, the struts 32 having the foot fuel openings 64 are 
positioned diagonally opposite each other, but it will be clear that 
(□ the struts 32 having the foot fuel openings 64 could be positioned 
ljsj at adjoining corners of the cage 22, as required to align with the 
N internal manifolds. As shown in Fig. 8, the bottom end plate 30 has 
p apertures 63 that align with the foot fuel openings 64 and the 
III internal manifold. As shown in Figs. 15, 16 and 17, fuel feed tubes 
65 can be connected to the foot fuel openings 64. 

m 

m 
j=% 

13 The fuel cell stack 24 shown in the drawings comprises a 

plurality of fuel cells 70. Each fuel cell 70 is composed of an MEA 
layer between a fuel-gas plate 74 and an oxidant-air plate 76. 

25 Cooling-air plates 78 are interposed between the fuel cells 70. 

Although individual fuel-gas, oxidant-air and cooling-air plates are 
shown, it will be clear that other plate configurations, such as 
bipolar could be used. In the embodiment shown in the drawings, the 
MEA layers 72, fuel-gas plates 74, oxidant-air plates 76 and 

30 cooling-air plates 78 all have similar horizontal dimensions, being 
rectangular with side edges longer than their end edges, and 
correspondingly, lengths greater than their widths. 

Fuel gas is fed to, and exhausted from, the fuel-gas plates 74 
35 by means of two vertically-extending internal manifolds, formed by 
aligned internal-manifold holes 80 in each of the: MEA layers 72, 
fuel-gas plates 74, oxidant-air plates 76, cooling-air plates 78 and 



17 



bottom end plate 30. 



As shown in Fig. 9, in each fuel-gas plate 74, the fuel-gas 
flow field 82 is in fluid communication with the internal-manifold 
holes 80 in the fuel-gas plate 74. The fuel-gas channels 84 (shown 
in a simple and stylized configuration in Fig. 9) , comprising the 
fuel-gas flow field 82, are open to the abutting MEA layer 72. Fuel 
gas introduced into the solid cage fuel cell stack 20 via one 
internal manifold, passes through the fuel-gas channels 84 to the 
other internal manifold and thence out of the solid cage fuel cell 
stack 20. The fuel gas is contained in the internal manifold by 
means of gaskets or O-rings (not shown) around the relevant 
internal-manifold holes 80, and the fuel gas is contained between 
the fuel-gas plate 74 and the MEA layer 72 by means of a fuel flow 
field gasket 85 encircling each fuel-gas flow field 82. 

Each oxidant-air plate 76 has an oxidant-air flow field 86 on 
the surface of the oxidant-air plate 76 that abuts the MEA layer 72. 
Each oxidant-air flow field 86 comprises a plurality of oxidant-air 
channels 88 open to the MEA layer 72. Each oxidant-air channel 88 
has an opening at each end of the respective oxidant-air plate 76 
and each oxidant-air channel 88 extends the length of the oxidant- 
air plate 76. In the embodiment shown in the drawings, particularly 
Fig. 11 which is a view of the underside of an oxidant-air plate 76, 
the oxidant-air channels 88 are shown as linear, in that they are 
straight channels extending the length of the oxidant-air plates 76. 
It will be clear that the oxidant-air channels 88 need not be linear 
and that numerous other configurations of the oxidant-air channels 
88 are possible, including configurations that provide increased 
turbulence in the oxidant air as compared to linear channels. 
Oxidant air provided to an end of the oxidant-air plates 76, flows 
through the oxidant-air channels 88, the length of the oxidant-air 
plate 76, to the other end of the oxidant-air plates 76. 

Each cooling-air plate 78 has a cooling-air flow field 90 
comprising a plurality of cooling-air channels 92. Each cooling-air 
channel 92 has an opening at each side of the respective cooling-air 
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plate 78 and extends the width of the cooling-air plate 78. The 
cooling-air channels 92 can be open to either an adjoining fuel-gas 
plate 74 or an adjoining oxidant-air plate 76, or both, in the case 
of a bipolar cooling-air plate (not shown) . In the embodiment shown 
5 in the drawings, the cooling-air channels 92 are linear, in that 
they are straight channels extending the width of the cooling-air 
plates 78. It will be clear that the cooling-air channels 92 need 
not be linear and that numerous other configurations of the cooling- 
air channels 92 are possible including configurations that provide 
10 increased turbulence in the cooling air as compared to linear 
channels.. Cooling air provided to one side of the cooling-air 
plates 78 flows through the cooling-air channels 92, across the 
width of the cooling-air plates 78, to the other side of the 
^3 cooling-air plates 76. 

Current collector plates 94, typically made from copper, are 
j? located at the top and bottom of the fuel cell stack 24. In the 
|fj embodiment shown in Fig. 13, each current collector plate 94 has an 
^ electrical terminal 96 projecting from the side edge of the current 
20j collector plate 94 for connecting the fuel cell stack 24 to the 
JlJ device requiring electricity. Alternatively, as shown in Fig. 14, 
jfl the terminal 96 can project perpendicularly from the current 
;"7 collector plate 94, in which case, the top end plate 26, pressure 
plate 28, and bottom end plate 30 would each have a terminal opening 
25 (not shown) through which the terminal 96 projects; and the terminal 

96 would be electrically insulated from the cage 22 components by 
a terminal sheath 98, or an insulating grommet (not shown) or the 
like. 



30 In the. embodiment shown in the drawings, the pressure plate 28 

and the bottom end plate 30 abut the current collector plates 94 . 
The pressure plate 28 and the bottom end plate 30 are made from an 
electrically non-conductive material, such as a fibreglass 
reinforced ceramic, so as to electrically isolate the fuel cell 

35 stack 24 and current collector plates 94 from the cage 22. 
Alternatively, plates of electrically non-conductive material can 
be interposed between the current collector plates 94, and the 
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pressure plate 28 and bottom end plates 30, respectively. 

In a typical application of the solid cage fuel cell stack 20, 
a cooling-air inlet plenum 200,' an oxidant-air inlet plenum 202 and 
an oxidant-air outlet plenum 204 are attached to the cage 22 as 
shown in Fig. 15 and cut-away in Fig. 16. Changes in the vertical 
dimension of the fuel cell stack 24 are compensated for by the dish 
springs 38, in that the position of the top end plate 26, struts 32 
and bottom end plate 30 are fixed relative to each other, which 
means that the plena 200, 202, 204 can be easily attached to each 
of these components of the cage 22 by conventional means such as 
bolts or other fasteners, and the joint between each plenum 200, 202 

204 and the cage 22 components can be easily sealed so as to be 
sufficiently air-tight, by conventional means such as gaskets or 
caulking (not shown). As shown in Figs. 2 and 3, elastic air dams 

205 are installed between the top end plate 26 and the pressure 
plate 28. Typically, the air dams 205 are made of rubber and are 
glued to the top end plate 26 and the pressure plate 28. The air 
dams 205 and the strut liners 4 6 act to isolate the oxidant air from 
the cooling air: by preventing air from flowing between the top end 
plate 26 and the pressure plate 28 in the case of the air dams 205, 
and by preventing air from flowing between the struts 32 and the 
fuel cell stack 24 in the case of the strut liners 46. 

The cooling-air inlet plenum 200 is attached to one of the two 
larger opposed side faces of the solid cage fuel cell stack 20 so 
as to provide cooling air to the cooling-air channels 92 when in 
use. The cooling air is exhausted from the cooling-air channels 92 
directly to atmosphere at the side face opposite the side face to 
which the cooling-air inlet plenum is attached. As shown in Fig. 
16, exhausting the cooling air to atmosphere without intermediate 
ducting or plenum, facilitates the use of terminals 96 projecting 
from the side edge of the current collector plate 94 as such 
terminals 96 are easily accessible. Side-projecting terminals 96 
are preferable over perpendicularly-projecting terminals 96 in that 
side-projecting terminals 96 do not require* openings in the top end 
plate 26, pressure plate 28 or bottom end plate 30. 
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The oxidant-air inlet plenum 202 and the oxidant air outlet 
plenum 204 are attached to the smaller opposed end faces of the 
solid cage fuel cell stack 20. When in use, the oxidant-air inlet 
plenum 202 provides oxidant air to the oxidant-air channels 88, and 
the oxidant-air outlet plenum 204 conducts oxidant air and reaction 
product (water) away from the oxidant-air channels 88. 

Numerous other embodiments of the invention are also possible, 
including, a cylindrical fuel cell stack (not shown) contained 
within a solid cage comprising a circular top end plate, circular 
pressure plate and circular bottom end plate. The struts of such 
a cage could have curved inner surfaces conforming to the curve of 
the fuel cell stack, and/or be sufficiently numerous, so as to 
firmly resist horizontal displacement of the fuel cell stack 
components. Such cylindrical fuel cell stack configuration could 
have a central oxidant and cooling air internal manifold, with 
oxidant and cooling air channels radiating outwards from the central 
manifold. With such a configuration oxidant and cooling air could 
be provided via a hole in the bottom end plate to the central 
manifold and exhausted from the outside of the fuel cell stack, or 
provided to the outside of the fuel cell stack and exhausted via the 
central manifold. In both such cases, the central manifold could 
be divided such that the oxidant air and cooling air are separated. 
Further, the external struts could be augmented by, or replaced 
with, a central strut within the central manifold. Such central 
strut could span and divide the central manifold for separation of 
the oxidant and cooling air. Alternatively such central strut could 
be hollow with separate internal bores for the oxidant and cooling 
air . 

Although the embodiment shown in the drawings and described 
herein is an ambient-pressure fuel cell stack, it will be clear to 
those skilled in the art of fuel cell stacks that the invention can 
also be readily embodied in a high-pressure fuel cell stack. 

The foregoing is a description of a preferred embodiment of the 
invention which is given here by way of example. The invention is 
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not to be taken as limited to any of the specific features as 
described, but comprehends all such variations thereof as come 
within the scope of the appended claims. 
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